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RARE-EARTH ABUNDANCES i n  an ANORTHOSITE and a MANGERITE 
* '. 
The a s s o c i a t i o n  i n  Precambrian a r e a s  of a n o r t h o s i t e  and manger i t e  i s  
w e l l  known. A t  t h e  p r e s e n t  t ime,  however, there i s  cons ide rab le  con t rove r sy  
concerning the  consanguin i ty  of t h e s e  rock- types .  
reviewed r e c e n t l y  by P h i l p o t t s  (1). Because trace element v a r i a t i o n s  
might b e  p a r t i c u l a r l y  i l l u m i n a t i n g ,  w e  are s tudying  r a r e - e a r t h  abundances 
i n  a n o r t h o s i t e  a s s o c i a t i o n s .  T h i s  p re l imina ry  n o t e  r e p o r t s  de t e rmina t ions  
of  these e lements  i n  an a n o r t h o s i t e  sample from Tchitogama Lake, Quebec, 
and i n  a quar tz -manger i te  sample (Analys is  9 (1)) f r o m  G r e n v i l l e  Township, 
Quebec. 
The problem has been 
The r a r e - e a r t h  a n a l y s e s  were performed by mass-spec t romet r ic  stable- 
i s o t o p e  d i l u t i o n  (2 ) .  The t echn ique  c o n s i s t s  of d i s s o l v i n g  t h e  sample, 
adding  i s o t o p i c  "sp ikes"  of the  rare-earth e lements ,  and c o n c e n t r a t i n g  
the rare-earths by pass ing  the  s o l u t i o n  through an ion  exchange column. 
No a t t empt  was made t o  s e p a r a t e  the  rare-earths from each o t h e r  o r  from 
o t h e r  e lements  w i th  similar p a r t i t i o n  c o e f f i c i e n t s .  A t r i p l e - f i l a m e n t ,  
s o l i d - s o u r c e  mass-spectrometer was used i n  t h e  i s o t o p i c  a n a l y s i s .  
The r e s u l t s  of t h e  r a r e - e a r t h  ana lyses  are given i n  Table  1. The 
p r e c i s i o n s  (a) shown are only  i n t e r n a l  i n  t h a t  t hey  are t h e  s t anda rd  
d e v i a t i o n  of the mean of t h e  number of de t e rmina t ions  ( n ) ,  each determin- 
a t i o n  be ing  c a l c u l a t e d  from t w o  scans of the a p p r o p r i a t e  mass r eg ion .  
The data have been normalized t o  hypo the t i ca l  c h o n d r i t i c  abundances based 
on a comparison of neu t ron -ac t iva t ion  ana lyses  of  r a r e - e a r t h s  i n  e u c r i t i c  
m e t e o r i t e s  by Schmi t t  e t  a l .  ( 3 , 4 )  with our  unpublished ana lyses .  These 
"chondr i t e "  normalized abundances of the rare-earths i n  t h e  a n o r t h o s i t e  
and t h e  manger i te  are shown i n  F i g .  1, t h e  e r r o r  bars being p l u s  and minus 
t w o  s t a n d a r d  d e v i a t i o n s  of the  mean. 
--
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The a n o r t h o s i t e  has a "chondr i te"  normalized r a r e - e a r t h  p a t t e r n  of  
t h e  non- in f l ex iona l ,  f r a c t i o n a t e d  t y p e  expected f o r  a l o g - l i q u i d  (51,  t h a t  
i s ,  a l i q u i d  der ived  from material  w i th  a non- in f l ex iona l  p a t t e r n  by extreme 
f r a c t i o n a l  c r y s t a l l i z a t i o n  of a s o l i d  f o r  which t h e  p a r t i t i o n  c o e f f i c i e n t s  
d i f f e r  r e g u l a r l y  by a c o n s t a n t  amount throughout t h e  r a r e - e a r t h  group. 
The log - l iqu id  p a t t e r n  i s  of in terest  i n  view of  Buddington's (6) hypo thes i s  
of an a n o r t h o s i t i c  m e l t .  However, no material ,  terrestr ia l  o r  m e t e o r i t i c ,  
has  y e t  been found w i t h  r a r e - e a r t h  abundances a p p r o p r i a t e  t o  e i t h e r  t h e  
r e s i d u a l  s o l i d  o r  t h e  pa ren t  f o r  such a l o g - l i q u i d  a n o r t h o s i t e .  
f o r e  seems more probable  t h a t  t h e  a n o r t h o s i t e  i s  a c r y s t a l  cumulate. 
It t h e r e -  
The a n o r t h o s i t e  i s  composed l a r g e l y  (>go%)  of p l a g i o c l a s e  (An51) 
and hence i t s  r a r e - e a r t h  p a t t e r n  i s  presumeably dominated by t h e  p l a g i o c l a s e  
c o n t r i b u t i o n .  In  suppor t  of t h i s ,  t h e  europium anomaly, undoubtedly caused 
by t h e  presence of E u ' ~ ,  i s  almost i d e n t i c a l  t o  t h a t  f o r  p l a g i o c l a s e  (An55) 
from t h e  San Mareos gabbro (7 ) .  Publ i shed  d a t a  ( 7 )  and our  own unpubl i shed  
r e s u l t s  i n d i c a t e  t h a t  t h e  re la t ive  abundances o f  t h e  heavy r a r e - e a r t h s  a r e  
about  t h e  same i n  a whole-rock as i n  t h e  c o n s t i t u e n t  p l a g i o c l a s e .  It  
t h e r e f o r e  seems probably t h a t  t h e  same r e l a t i o n s h i p  would ho ld  between 
m e l t  and p l a g i o c l a s e  phenocrys ts .  
r e p r e s e n t s  a c r y s t a l  cumulate from a m e l t  w i t h  a n o n - i n f l e x i o n a l ,  f r a c t i o n -  
a t e d  type  o f  r a r e - e a r t h  p a t t e r n .  A p a t t e r n  f o r  such a m e l t  i s  shown i n  
F i g .  1. 
between t h e  whole-rock San Marcos gabbro and i t s  c o n s t i t u e n t  p l a g i o c l a s e  
t o  t h e  r a r e - e a r t h  abundances i n  t h e  a n o r t h o s i t e .  Although t h e  a b s o l u t e  
abundances of t h e  r a r e - e a r t h s  i n  t h i s  C a l c u l a t e d  m e l t  are a lmost  c e r t a i n l y  
wrong, t h e  r e l a t i v e  abundances may n o t  be t o o  much i n  e r r o r .  A v a i l a b l e  
d a t a  (8) i n d i c a t e  t h a t  igneous rocks  wi th  such  p a t t e r n s  are  q u i t e  rare .  
I f  t h i s  i s  t h e  case, then  t h e  a n o r t h o s i t e  
I t  was obta ined  by app ly ing  t h e  r a r e - e a r t h  p a r t i t i o n  c o e f f i c i e n t s  
.' . 
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Most igneous rocks d i s p l a y  p a t t e r n s  wi th  low s l o p e s  f o r . t h e  heavy r a r e -  
e a r t h s ,  and many have i n f l e x i o n s  i n  t h e  reg ion  of  gadolinium. However, 
t h e r e  are c o n t i n e n t a l  rocks  ( e . g . ,  Columbia P l a t e a u  t h o l e i i t e  (411, o c e a n i c  
rocks  ( e . g . ,  Ki lauea Iki-22 b a s a l t  (311 ,  and m e t e o r i t e s  (Nakhl i tes  (4)) 
which would seem t o  have s u i t a b l e  p a t t e r n s  t o  be  p a r e n t a l  melts from which 
t h e  a n o r t h o s i t e  could have accumulated. 
The r a r e - e a r t h  p a t t e r n  o f  t h e  manger i te  i s  shown i n  F i g .  1. The 
p a t t e r n  is  o f  t h e  i n f l e x i o n a l  t y p e  t y p i c a l  of most sedimentary rocks  (8 ) .  
A North American s h a l e  composite (8) is shown f o r  comparison. Car l sbad  
twins  i n  t h e  f e l d s p a r s  and b a s a l  e x s o l u t i o n  lamellae i n  t h e  i n v e r t e d  
p i g e o n i t e ,  b o t h  i n d i c a t e ,  however, t h a t  t h e  manger i te  i s  c l e a r l y  o f  igneous 
o r i g i n  (1). The l a r g e  europium anomaly i n  t h e  a n o r t h o s i t e  and t h e  l a c k  o f  
an anomaly i n  t h e  manger i te  i n d i c a t e  k h a t  a d i r e c t  g e n e t i c  r e l a t i o n s h i p  
between such rock-types i s  u n l i k e l y ,  as does t h e  d i s s i m i l a r i t y  i n  t h e  
o v e r a l l  r a r e - e a r t h  p a t t e r n s .  Mangeri te  and a n o r t h o s i t e  might belong,  
t h e r e f o r e ,  t o  s e p a r a t e  igneous s u i t e s  a s  suggested by Buddington (6). If 
t h e y  are c o g e n e t i c ,  t h e n  c o n s i d e r a b l e  a s s i m i l a t i o n  o f  r o c k s  wi th  "normal" 
europium abundances could e x p l a i n  b o t h  t h e  l a c k  o f  an anomaly i n  t h e  
mangeri te  and t h e  d i s s i m i l a r i t y  i n  r a r e - e a r t h  p a t t e r n s ;  such a r e l a t i o n s h i p  
has  been suggested by P h i l p o t t s  (1). 
We thank P r o f .  A .  R .  P h i l p o t t s  f o r  d o n a t i n g  t h e  samples and f o r  use- 
f u l  cr i t ic ism.  
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TABLE 1 
Ce 
Nd 
Sm 
Eu 
, Gd 
DY 
E r  
Yb 
Rare Earth Abundances in an Anorthosite and a Elangerite 
Anorthosite 
- 
PPm (5 n "Chondrite" 
Normalized 
4.3 0.4 4 5.5 
2.16 0.04 8 3.31 
0.35 0.009 5 1.67 
0.65 - 2 9.17 
0.29 - 2 1.13 
0.16 0.013 6 0.54 
- - - - 
0.023 0.002 6 0.122 
Manger ite 
. I .  
- 
PPm 0 n "Chondrite" 
Normalized 
- - 
50.1 0.20 
10.8 0.21 
2.85 0.19 
- - 
8.54 0.08 
5.05 0.05 
4.81 0.06 
- - 
8 76.8 
12 52.1 
4 40.1 
- - 
4 28.2 
4 27.8 
6 25.6 
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FIGURE CAPTIONS 
Figure 1 Chondrite-normalized rare-earth abundances in an anorthosite, 
a mangerite, a calculated melt, and a North-American shale 
composite. 

